Background Radiographic technology plays an integral role in interventional cardiology. The number of interventions continues to increase, and the associated radiation exposure to patients and personnel is of major concern. This study was undertaken to determine whether a newly developed x-ray tube deploying grid-switched pulsed fluoroscopy and extra beam filtering can achieve a reduction in radiation exposure while maintaining fluoroscopic images of high quality.
Reduction of Radiation
Background Radiographic technology plays an integral role in interventional cardiology. The number of interventions continues to increase, and the associated radiation exposure to patients and personnel is of major concern. This study was undertaken to determine whether a newly developed x-ray tube deploying grid-switched pulsed fluoroscopy and extra beam filtering can achieve a reduction in radiation exposure while maintaining fluoroscopic images of high quality.
Methods and Results Three fluoroscopic techniques were compared: continuous fluoroscopy, pulsed fluoroscopy, and a newly developed high-output pulsed fluoroscopy with extra filtering. To ascertain differences in the quality of images and to determine differences in patient entrance and investigator radiation exposure, the radiated volume curve was measured to determine the required high voltage levels (kVpeak) for different object sizes for each fluoroscopic mode. The fluoroscopic data of 124 patient procedures were combined. The data were analyzed for radiographic projections, image intensifier field size, and x-ray tube kilovoltage levels (kVpeak). On the basis of this analysis, a reference procedure was con-R adiation exposure is of major concern to both the public and those involved in diagnostic and therapeutic procedures. Newer catheter-based therapeutic procedures require fluoroscopy for road mapping and angiography for assessment of results and are associated with increased radiation exposure, not only to the patient but also to medical personnel. Since the number of interventional procedures continues to rise and the magnitude of the radiation exposure is increasing, efforts should be made to reduce patient and personnel doses by developing new fluoroscopic techniques. A trade-off between image quality and radiation exposure is inevitable; ideally, however, new techniques should be developed to provide optimal image quality while reducing radiation exposure to a level "as low as reasonably achievable," the ALARA principle.
structed. The reference procedure was tested on a phantom or dummy patient by all three fluoroscopic modes. The phantom was so designed that the kilovoltage requirements for each projection were comparable to those needed for the average patient. Radiation exposure of the operator and patient was measured during each mode. The patient entrance dose was measured in air, and the operator dose was measured by 18 dosimeters on a dummy operator. Pulsed compared with continuous fluoroscopy could be performed with improved image quality at lower kilovoltages. The patient entrance dose was reduced by 21% and the operator dose by 54%. Highoutput pulsed fluoroscopy with extra beam filtering compared with continuous fluoroscopy improved the image quality, lowered the kilovoltage requirements, and reduced the patient entrance dose by 55% and the operator dose by 69%.
Conclusions In this study, we investigated the differences between conventional continuous fluoroscopy, grid-switched pulsed fluoroscopy, and a recently developed highoutput grid-switched pulsed fluoroscopic technique combined with extra beam filtering to establish which modality provided the best image quality with the lowest radiation exposure to both the patient and the investigator.
Methods

Patient Procedure
The fluoroscopic data of 124 consecutive interventional patient procedures performed in one cardiac catheterization laboratory were collected prospectively and amalgamated. The data were analyzed for the geometric gantry settings, image intensifier field size, and x-ray tube kilovoltage levels (kVpeak).
On the basis of this analysis, a reference procedure was constructed.
den Boer et al Radiation Reduction During Fluoroscopy fluoroscopy. During the second 3 months, pulsed or highoutput pulsed fluoroscopy could be selected.
The functions of the foot switch were randomly alternated to avoid the routine use of either the right or left foot switch. The cardiologists were blinded to the fluoroscopic mode on each switch and were asked to select the switch that they found to provide the optimal image quality. The cumulative time in each fluoroscopic mode selected by the five cardiologists over the 6-month period was used to evaluate the image quality provided by each fluoroscopic technique.
Phantom
To measure the personnel dose during each of the three fluoroscopic modes, a phantom was created to simulate a patient and to produce the scattered radiation. The (Fig 1) .
Three fluoroscopic techniques were compared: (1) The voltage (kVpeak) level required on an x-ray tube is dependent on the technique deployed, the object size, the selected image intensifier field, and the gantry settings. The pulsed techniques permitted the performance of fluoroscopy with lower kilovoltages and the penetration of larger objects (more obese subjects). Even a transmission of 50 cm was possible at the 9-inch field. Fig 3 shows (Fig 6) . There is a significant difference between the three techniques. Because scattering is energy dependent, the lower tube voltages used during the pulsed techniques were the primary reason of the lower personnel dose. The exposure rate to the body during pulsed fluoroscopy was 60% less than with continuous fluoroscopy. During the highoutput technique with extra filtration, the body exposure was reduced by >70% compared with the continuous mode.
Radiation Exposure According to Gantry Settings
Measuring the scattered radiation as dose per procedure, it was found that >75% of personnel dose is h.o.pulsed+filter received during fluoroscopy of left projections. Fig 7 illustrates the total scattered radiation dose per investigation and the influence of the gantry position.
Discussion
Awareness of the adverse effects of x-ray radiation exposure has been an important stimulus to reduce radiation exposure as low as reasonably achievable (ALARA). The pulsed-mode version is a newly developed technique that, primarily because of its lower pulse frequency, is associated with a much lower patient radiation exposure compared with conventional continuous fluoroscopy. The most modern version of fluoroscopy, the high-output pulse mode, causes The phantom that we used to measure the radiation dose during different fluoroscopic modes was a specially custom-made construction. The square configuration of the phantom was different from that used in many other studies,1-7 in which a round phantom was deployed. Also, we added an abdominal component to the phantom, because the upper abdominal organs have a significant effect on x-ray scattering and therefore must be taken into account. This was not performed in previous studies,1-3,8-10 in which only anterior oblique projections were used. From previous studies in patients we obtained radiation levels measured at different projections. The phantom was specially constructed so that it accurately simulated the actual patient radiation levels during similar projections.
In our study, we clearly demonstrated that with the new high-output pulsed technique, the x-ray tube must be additionally shielded so that the x-ray exposure is maximally reduced. Our results are in agreement with previous publicationsl-3,11,12 that have reported a similar scattered radiation pattern around the patient, with the exception of the tibial dose, which was lower in this study. The lower tibial dose was a result of the extra shielding of the x-ray tube with lead, so that the only exposure to the tibia was scattered radiation from the patient. In addition, the x-ray tube was covered with extra lead, because the position of the lower extremities of the operator is close to the tube and the high-output modes produce more radiation leakage.
Of particular interest, this study revealed that >75% of the cardiologist radiation dose is received during fluoroscopy in left projections. This point has potential consequences for the practice of fluoroscopy during coronary interventional procedures. The use of shields between the patient and the physician would substantially prevent radiation exposure to the head and neck area.
Results of measurements not shown in this study indicated that the use of a 0.5-mm leaded glass screen reduced the head and neck area dose by 80% and the abdominal area dose by 50%.
Conclusions
The combination of high-output pulsed fluoroscopy and extra filtration produces images superior to those with current established fluoroscopic modes. Pulsed fluoroscopy allows a lower image intensifier entrance dose rate compared with continuous fluoroscopy (because of the lower frame rate). The image quality is superior and the required kilovoltages (kVpeak) on the x-ray tube are lower during both pulsed modes, and the technique allows the performance of fluoroscopy on more obese patients. The high-output, low-pulse, extrafiltered fluoroscopic technique produces excellent image qualities and reduces both patient entrance and occupational radiation dose.
